In 1977 Peterson et al' observed the worsening effect of smoking on duodenal ulcer healing with antacid therapy, an affect which we confirmed using low dose antacids. 2 We discussed the desirability of defining the severity of ulcer disease analogous of the way this is done for Crohn's disease. The clarification of severity of ulcer disease has been demanded in a recent publication on the principles related to the treatment of peptic ulcer. 4 In most recent reports of the last years there is almost general agreement that smoking delays healing of duodenal ulcer under various treatment regimes.' -"-Nevertheless, there are many controversial reports on other factors affecting healing.' 2'`Many of these reports are based on multicentre study where the quality of the collected data is questionable because of the different views assessing the endoscopic findings and the severity of lesions. On the other hand, various treatment regimes were tested in most studies and it seems that the interest was focused on assessing the effectiveness of drugs but not primarily on elucidating the risk factors under one constant and effective regime.
In continuation of our efforts to find out the relevant factors affecting healing,3 we undertook a clinical short term trial in all cases under moderate and effective dose of antacid, where all clinical and endoscopic data were established by one gastroenterologist and endoscopist.
Methods

PATIENTS
During 2-5 years 76 German patients with duodenal ulcer were seen by one of the authors (SM). The 291 Massarrat, Muller, and Schmitz-Moormann patients were referred from general physicians and had no previous treatment with H2-receptorantagonists in the present ulcer relapse. The patients with ulcer complications were not entered in to the study. All endoscopies were carried out without sedation. The endoscopic findings were registered immediately after endoscopy. And on the same day either before or after endoscopy the patients were questioned by one person about their characteristics and clinical data. All patients were given 10 ml antacid containing aluminium and magnesium hydroxide four times daily (Maalox 70), each dose having a neutralising capacity of 70 meq. HCI. All patients were recommended to register the intake of antacids and the appearance of pain daily on card and come to control endoscopic examination three weeks later. A gastric analysis was done either before or after the treatment in order to determine basic acid output (BAO) and peak acid output (PAO).
The following information was entered into the questionnaire: age, sex, height, weight, duration of ulcer symptoms, the approximate number of ulcer relapses during the length of disease, the length of the last ulcer recurrence, the length of the present ulcer relapse, approximate number of pain attacks during the present relapse, the severity of pain (mild=1, moderate=2, severe=3), duration of pain attack (15 min= 1, 30 min=2, 60 min=3, >60 min=4), radiation of pain to back, appetite (poor=3, moderate=2, good=1), vomiting (number/week), smoking habit, number of cigarettes smoked daily, duration of smoking habit (in years), the intake of analgesics (none= 1, some times=2, regularly=3), previous haemorrhage or surgery. At the endoscopy the size of the largest ulcer niche in millimetres and the depth (flat <3 mm or deep ¢3 mm in central area as two categories) were both assessed with the diameter of closed or opened tip of biopsy forceps. Furthermore, number of ulcers (single or multiple), grade of duodenal inflammation assessed only endoscopically (none=0, slight= 1, moderate=2 and severe=3), the extent of bulbar deformity (none=0, partial wall deformity= 1, moderate circular narrowing=2, severe circular narrowing=3, ulcer localized in the circumference of narrowed area of the bulb=4), and presence of antral erosions were registered. Biopsy specimens were taken from the opposite site of the ulcer niche in the duodenal bulb. The extent of duodenitis was classified histologically in five grades (from 0 to severe abnormality=4) according to the criteria of Whitehead and colleagues.'6 On control examination the patients were asked about the number of days with regular pains and the regular intake of antacids by considering the daily cards. The healing of the ulcer was assessed and the ulcer was considered healed if the ulcer niche was completely or almost completely healed in the case of a nonmeasurable remnant.
STATISTICAL ANAIYSIS
The characteristics of the two groups of successfully and unsuccessfully treated patients were compared by means of X' tests (discrete data), t tests (continuous data) and Mann-Whitney U tests (rank data).
Twenty nine variables were chosen for these group comparisons. These univariate analyses were supplemented by a multivariate approach, which takes into account all variables simultaneously. We used stepwise logistic regression to find out which variables are jointly relevant for the prediction of ulcer healing. In the logistic regression model, the probability of healing success is modelled by the function k P = eu/(1+eu), where U = Y aixxi+a,, a.,i = 0, xI xk k denoting the (k+ 1) parameters of the model and xI xk denoting the independent variables (patient characteristics) used for the prediction.
The number of relevant variables xi as well as their parameters were determined by stepwise logistic regression (forward stepping), carried out by the program BMDPLR7 with the preassigned options. The resulting formula can be used to classify future patients into those with bad and others with good healing prognosis by defining a cutpoint on P (Probability), so that patients with a higher P than the cutpoint are predicted to have a good healing prognosis. The apparent correct classification rate, obtained by observing the proportion of the total sample which is classified correctly by the algorithm based on the same sample, is known to be a biased estimate of the correct classification rate and cannot therefore be used for the statistical validation of the algorithm. A method which avoids this problem is cross validation. This was done in the following way: Two thirds of the patients served as training sample from which the algorithm was computed and a random sample of about one third served as test sample for prediction. The proportion of correct classification in the test sample was assessed, where the patients in the test sample are different from those in the training sample from which the algorithm was constructed. Therefore this leads to a reasonable estimate of the correct classification rate. In order to improve this estimate further, the procedure of assessing correct classifications in a random test sample of about one third of the patients was repeated three times and the correct classification rate was estimated by a weighted average of the three observed correct classification rates. The reliability of the risk factors was shown by taking a new but small sample of nine patients, who were treated after the end of this trial or not included in the final evaluation, since the control endoscopy was not done by the endoscopist in charge of this study.
Results
Of 76 patients entered into the study, 23 endoscopically and histologically assessed duodenitis had, as individual factors, no effect on ulcer healing. Logistic regression models are better suited to the analysis of mixtures of discrete and continuous data always encountered in clinical medicine rather than classical discriminant analysis which in a strict sense is interpretable only for continuous and normally distributed data. They are especially suited for the analysis of prognosis, as they yield a probability of success of treatment for each individual patient.
The logistic regression model, based on the total sample, chose sex (S) (female=-1, male=+1, F=4-72, df= 1, p=0-.036), radiation to the back (I) (no=-1, yes=+1, F=11-06, df=1, p=0-002), number of cigarettes smoked per day (C) (F=8-02, df= 1, p=0-007), multiplicity of ulcer (M) (no=-1, yes=+1, F=5-20, df=1, p=0.028), deep ulcer (D) (no=-1, yes=+1, F=6-8, df=1, p=.0l13), as predictors for the probability (P) of ulcer healing. The fitted model is based on the following formula: U (total ulcer risk scores) =088 -1.14 x S -1 82 x I -0.15 xC -2-37 xM -1-53 xD, where a worse prognosis was associated with male sex, radiation to the back, heavy smoking, multiple and deep ulcer. The worst values of the variables led to -5.98 in our sample. The corresponding probability of healing is p<0-0001. The most favourable case led to a score of +5-98 and the corresponding probability of healing P is 100% (P= 1-0, see Figure) . The other factors were not selected as predictors.
The apparent correct classification rate for this model with a cutpoint at P=0-7 -that is, classifying patients with higher P, or, equivalently with ulcer risk score U higher than 0-85, into the group with good prognosis, was 89-3% for the successful treatments and 9(0% for the unsuccessful ones. By the cross validation method described above, we estimated the correct classification rate to be 75. 10/ (see below).
Observed Each time a random test sample was chosen, the logistic regression model was based on the remaining data only. The selected variables were the same as those selected from the complete sample on all three occasions.
Discussion
The general policy for ulcer treatment is complete healing of the ulcer niche, which is associated with the disappearance of pain and late ulcer recurrence. Complete healing of the ulcer can be achieved in the majority of cases during four weeks effective treatment. However, most of the ulcers heal in less than four weeks with only a few taking longer. Therefore, it would be sound and logical to treat the patients for an adequate time if the probability of healing in the individual patient is predictable. As ulcer disease has multifactorial aetiology and geographic variation, the predictability of ulcer healing can only be achieved if the risk factors and their variability are known.
Many factors have been studied on ulcer healing: Among the characteristics of patients, there is age,' 121 27 sex,6 IX'7 duration of ulcer history`and ulcer relapse,' radiation of pain to back,"'l history of ulcer disease in close relatives,"'1" " ' ( smoking habit,' IS27 alcohol intake, '27 previous ulcer bleeding,'`I s20 and previous treatment with H2-receptor-antagonists.' 12 Among the endoscopic findings, there are ulcer diameter, 1 301' h "01''7 ulcer depth,'2 localisation of ulcer,2'23 ulcer shape,'4" macroscopically assessed duodenitis, '' duodenal deformity and stenosis " '8 "' and antral erosions.1
Further factors like BAO and PAO' 3 12 1112021 '4 and serum pepsinogen IP have also been studied. Among these the importance of smoking, with few exceptions,'21327 is recognised in many different countries. Its influence probably depends on further characteristics, however, such as the severity of smoking habit and the predisposition of patients.
There are many criticisms about most of these papers; in the cooperative studies the interobserver variations were not mentioned. Furthermore, the lack of multifactorial analysis by the statistical evaluation could mask the association of the relevant factors and disregard other important factors which 6 1*82x1 -0*5xC have not been significant by using In this paper we found under completely different conditions of treatment with effective dose of antacid and short treatment period of three weeks, that two of these three factors are of relevant importance; the stenosis of duodenal bulb by using statistical analysis of individual factors and smoking habit (the number of cigarettes smoked per day) by using logistic regression analysis. As an individual factor, the stenosis of the duodenal bulb has great importance; 19 of our cases had moderate to severe circular narrowing of the duodenal bulb. In 11 of these the ulcer niche was localised in the circumference of narrowed area. In 10 of these 11 cases, the ulcer niche did not heal at all. This important factor was removed in the logistic regression analysis, however, because of the association with other factors.
In disagreement with the assumption that endoscopically assessed duodenitis has a delaying effect on ulcer healing,'" we found that duodenitis either assessed by endoscopy or by careful histologic grading has no effect on healing.
The stepwise logistic regression procedure like multi-variate analysis techniques selects variables or factors that best represent a given series of patients with respect to healing and non-healing. It may, therefore, hide some related factors because these have been represented by the chosen factors but it may also reveal some less significant factors because together with the other selected factors these may better discriminate healing from non-healing. Thus, if a factor is not selected by the discriminant analysis, it does not necessarily mean that it is not important. Univariate analysis and multivariate analysis are, therefore, complementary to each other. This explains why apparently different factors are chosen by the two ways of analysis.
With the risk factors identified in this study, we could correctly predict ulcer healing in more than 75% of the cases. This prediction rate of healing was confirmed in a further small new sample of nine patients. In seven of these patients the prediction was correct (78% correct classification rate). The reasons for the misclassification in a small number of patients may be statistical and medical. Medical reasons include the inadequate and incorrect answer of patients or incorrect assessment of endoscopic findings by the examiner. Statistical reasons include the importance of some factors initially not assessed as being a risk factor, attaining importance in the case of a lack of the other factors and random errors in the estimated model due to the sample of patients.
With the given risk factors, the calculation of the probability of the ulcer healing according to the above model is easily possible. The patients with calculated high ulcer score U>0(85 or equivalent estimated probability of healing P>0-7 belong with about 80% confidence to the group of quick healers and need a symptomatic treatment during a few days as long as the pain is present. The patients with a calculated healing probability of P<0-3 or ulcer risk score U<0-85 should be treated longer than four weeks and need not be checked by endoscopy earlier than 6 weeks. They are likely to require long term treatment. The patients with moderate calculated healing probability (0.7> P>0 3 or resp. medium ulcer risk score -0-85<U<0.85) should be treated in general for four weeks. These recommendations are valid for the conditions of our study. It is likely that under treatment with other drugs and long duration the factors differ. Once the factors under different treatments are known, it is hoped that the calculation of healing probabilities will be taken into consideration in general practice for reasons of economic treatment and in clinical studies for better assessment of the severity of the disease. 
